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Tuesday, February 18, 2014 441aPlatform: Membrane-Active Peptides and Toxins
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Biophysical investigations, that aim to explain the antimicrobial activities of
cationic linear peptides will be presented (1,2). In particular we aim to under-
stand how some mixtures of these peptides exhibit synergistic activities. There-
fore, the structure, topology and dynamics of PGLa and magainin 2 were
investigated in oriented phospholipid bilayers using solid-state NMR in the
presence or absence of the other peptide and as a function of the membrane
lipid composition (2,3). Furthermore, fluorescence spectroscopy was used to
investigate how the peptides interact with each other within the lipid bilayer
environment.
Whereas, magainin 2 exhibits stable in-planar alignments under all conditions
investigated PGLa adopts a number of different membrane topologies with
considerable tilt angle variations (2,3). Notably, the hydrophobic thickness
modulates the alignment of PGLa (1). In equimolar mixtures of PGLa and mag-
ainin 2 the former adopts transmembrane orientations in DMPC when at the
same time magainin 2 remains associated with the surface (1). In contrast in
bilayers, which represents better the natural membrane composition (1-palmi-
toyl-2-oleoyl-phospholipids), both peptides adopt a surface oriented topology.
Therefore, lipid-mediated interactions play a fundamental role in determining
the topology of membrane peptides and proteins (3) and thereby potentially
also the regulation of their activities. These results have important conse-
quences for the mechanistic models explaining synergistic activities of the pep-
tide mixtures and will be discussed in the context of unpublished data where
membrane structure and interactions are correlated with biological activities.
Furthermore, recent results obtained with DNP enhanced solid-state NMR
spectroscopy of supported lipid bilayer samples using prototype equipment
will be presented.
References:
(1) Bechinger, J. Pep. Scie, 17, 306-314 (2010).
(2) Bechinger, B., Resende, J., and Aisenbrey, Biophysical Chemistry 153,
115-125 (2011).
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Diphtheria toxin translocation (T) domain is an alpha-helical bundle at neutral
pH, which upon acidification refolds, inserts into the lipid bilayer and translo-
cates the attached catalytic domain across the endosomal membrane. Recently,
we have used a combination of computational and experimental approaches to
characterize the conformation of the membrane-competent state of the T-
domain, formed in solution as a result of histidine protonation [1]. Here, we
model the T-domain membrane binding using a MARTINI coarse-grained
(CG) model of the membrane-competent state of the protein and POPC/
POPG lipid bilayers. Multi-microsecond coarse-grained molecular dynamics
(MD) simulations have shown two preferred orientations of T-domain bound
to the membrane interface. We will also present the results of atomic resolution
refinement of these protein-lipid assemblies through approximately 10 ms-long
MD simulations. An improved lipid force field model has been designed for
these simulations. In both membrane bound models, T-domain slightly inserted
into a POPG lipid bilayer while maintaining its orientation relative to the mem-
brane normal. We focused our studies in a membrane bound model where
partially unfolded helices TH1-4 are facing the lipid bilayer interface. Approx-
imately 5.5 ms-long MD simulations showed little change of the T-domain
orientation. However, neutralization of all acidic residues Asp and Glu fol-
lowed by 3.5 ms-long MD simulations showed T-domain reorientation with he-
lices TH8-9 aligned to the membrane plane and further protein insertion into
the lipid bilayer. This suggests that protonation of acidic residues on the mem-
brane interface may facilitate protein conformational changes leading to the
final transmembrane state of helices TH8-9.Supported by NIH grant GM069783, and National Resource for Biomedical
Supercomputing through NIH grant P41GM103712-S1. The Anton machine
was generously made available by D.E. Shaw Research.
[1] Kurnikov et al. (2013) JMB. 425:2752-2764.
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We present a comprehensive study of the conformational and functional prop-
erties of BP100 (H-KKLFKKILKYL-NH2) upon interaction with large unila-
mellar vesicles, LUVs, and giant unilamellar vesicles, GUVs, containing
variable proportions of zwitterionic PC and negatively charged PG. Theoret-
ical prediction and calculation of hydrophobic moment indicate that BP100 is
a surface-seeking amphipathic helix. Accordingly, CD spectra showed that,
upon binding to PG-containing LUVs, BP100 acquires a-helical conforma-
tion. NMR data showed that the helix spans residues 3-11. Moreover, CD
spectra evinced peptide aggregation in the membrane and/or vesicle aggrega-
tion, as a function of peptide:lipid ratio and PG content. Dynamic light scat-
tering confirmed vesicle aggregation under conditions of electroneutralization.
BP100 decreased the absolute value of the zeta (z)potential of LUVs with
lower PGcontents. For higher PG contents, the z potential remained initially
constant, a decrease occurring when ca. 80% of the negatively charged lipids
were neutralized. This effect was rationalized in terms of an ion exchange
process. Higher peptide concentrations were required for leakage from
LUVs aqueous inner compartment at high ionic strength. Moreover, while a
gradual release took place at low peptide:lipid ratios, instantaneous lossoc-
curred at high ratios, suggesting vesicle disruption. Optical microscopy of
GUVs also evinced BP100-promoted disruption of negatively charged mem-
branes. We propose that the mechanism of action of BP100 is a function of
both peptide:lipid ratio and negatively charged lipid content. While the
gradual release of inner contents is a consequence of membrane perturbation
by a small number of peptide molecules (monomers or small aggregates),
membrane disruption results from a sequence of events: peptide aggregation
on the membrane surface, leading to lipid clustering, andgiving rise to
peptide-lipid patches that eventually would leave the membrane in a carpet-
like mechanism.
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Intoduction: A novel surface plasmon resonance (SPR) apparatus, based on
surface plasmon and waveguide mode spectroscopy, was used to study cellular
dynamics with high resolution. In this method, the infrared light produced by
the Fouier Transform Infrared (FTIR) generates a surface plasmon wave that
propagates on a gold-sample interface and penetrates deep into the sample
covering most of the cell height. When monolayer of epithelial cells reaches
full confluence a waveguide mode is generated, propagating inside the cell
monolayer. Analysis of SPR and waveguide minima provide exact information
regarding cell coverage of the surface, cell layer integrity, average cell height
and quality of cell-cell contacts.
Results: We conducted our experiments utilizing different intestinal cells and
demonstrated the systems’ ability to monitor real time changes in monolayer
formation in different conditions including: (a) high and low cell concentra-
tions, (b) exposure to stress conditions mimicking the development of a specific
inflammatory bowel disease and (c) the differences between normal and cancer
cell lines. We found that Lipopolysachride (LPS) and Hypoxic conditions
caused altered junctional formation, a phenomenon that was dramatically
down regulated when we silenced a specific cellular pathway by siRNA meth-
odology. Additionally, we found differences in the monolayer formation-
kinetics between normal and cancer cell lines.
Conclusions: Our results show the ability of the novel SPR system to detect
junctional changes within monolayer of living intestinal cells. Taking into
consideration the label free and high resolution features of the SPR, we propose
442a Tuesday, February 18, 2014further using of this novel system as an adequate tool to study real time changes
of cellular junction dynamics.
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The antimicrobial peptide OP-145 (1) was selected as template for the develop-
ment of a therapeutic agent for coatings of implants due to its potent activity
against diverse microbial species and its success in the treatment of patients
with chronic otitis. The focus of our study is based on biophysical characteriza-
tion of the interaction of OP-145 with bacterial and mammalian membrane mi-
metics, e.g. liposomes composed of phosphatidylglycerol and lipoteichoic acid
as well as phosphatidylcholine. Similar to earlier findings on human cathelicidin
LL-37 (2), OP-145 interacted with all lipid systems, but exhibited different
incorporation mechanisms into the lipid bilayer. Thermodynamic and structural
studies revealed the formation of disk-like aggregates inmammalianmimics and
induction of a quasi-interdigitated structure in bacterial mimics. In agreement
with in vitro studies these results indicate limited ability to distinguish bacterial
from eukaryotic membranes. In order to improve selectivity of OP-145 we de-
signed a new peptide by substitution of a single hydrophobic by a cationic amino
acid residue in the hydrophobic face ofOP-145.Comparable to earlier data using
this strategy (3), the resulting peptide 1236-04 showed enhanced membrane
selectivity in model systems inducing complete leakage of PG vesicles at very
low concentrations, but none for PC. Surprisingly, peptide 1236-04 exhibited
rather poor antimicrobial activity towards S. aureus and selected Gram-
negative bacteria in vitro, but no toxicity in humandermal fibroblast.Differences
in the interactionwith other cellwall componentsmay explain the discrepancy of
findings between the model systems and living bacterial cells.
Acknowledgement: This work was supported by FP7-HEALTH-2011, Biofilm
Alliance.
(1) Nell J.M. et al., Peptides 2006, 27:649-60.
(2) Sevcsik E.et al., Biochim. Biophys. Acta 2007, 1768:2586-2595.
(3) Huang J.F.et al., Pure Appl. Chem. (2010) 82:243-257.
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Fluorescence microscopy enables detailed observation of the effects of the anti-
microbial peptide Cecropin A on the outer membrane (OM) and cytoplasmic
membrane (CM) of single E. coli cells with subsecond time resolution. Fluores-
cence from periplasmic GFP decays and cell growth halts when the OM is per-
meabilized. Fluorescence from the DNA stain Sytox Green rises when the CM
is permeabilized and the stain enters the cytoplasm. The initial membrane dis-
ruptions are localized and stable. Septating cells are attacked earlier than non-
septating cells, and curved membrane surfaces are attacked in preference to
cylindrical surfaces. Below a threshold bulk Cecropin A concentration, perme-
abilization is not observed over 30 min. Above this threshold, we observe a lag
time of several minutes between Cecropin A addition and OM permeabilization
and 30 s between OM and CM permeabilization. The long lag times and the
existence of a threshold concentration for permeabilization suggest a nucleation
mechanism. However, the roughly linear dependence of mean lag time on bulk
peptide concentration is not easily reconciled with a nucleation step involving
simultaneous insertion of multiple peptides into the bilayer. Monte Carlo sim-
ulations suggest that within seconds, the OM permeability becomes comparable
to that of a pore of 100 nm diameter or of numerous small pores distributed over
a similarly large area. Studies with fluorescently labeled Cecropin A provide
information about the kinetics of peptide binding to the OM, and subsequent
entry of peptide molecules into the periplasm and cytoplasm. Single molecule
imaging of fluorescently labeled Cecropin A allows measurement of trajectory
lengths and diffusion constants of the peptide on the outer membrane surface.
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Ion channel proteins are of fundamental importance in numerous biological
processes and constitute a key target in pharmaceutical research. However,many aspects of their mechanism of action still remain poorly understood. In
order to shed light on these complex membrane transport systems, we have
developed a family of peptide nanostructures that create channels for ions by
aligning crown ethers on top of each other when adopting an a-helical confor-
mation. We will present different analogs of such artificial ion channels and
how they were used to study ion translocation processes in membranes. Also,
we will report on the engineering of their ion-selectivity and their incorporation
into new biodetection systems.
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Light-driven reversible conformational changes of proteins are of fundamental
importance to nature. Here, we present the development of a photo-controllable
antimicrobial peptide (AMP), based on a novel photo-switch in the backbone.
AMPs are an essential part of innate immune system of living organisms and
defend them against various bacteria, viruses, and fungi. They are promising
therapeutic sources for future antibiotics as they permeabilize bacterial mem-
branes, but they tend to suffer from cytotoxic side effects against eukaryotic
cells. These problems, preventing clinical applications, could be eliminated
by remotely switching the membranolytic activity ON and OFF. We have
thus designed and synthesized a reversibly photo-isomerizable amino acid
analogue based on a diarylethylene scaffold. The amino acid analogue was
incorporated into the cyclic backbone of the antimicrobial peptide Gramicidin
S. Several peptidomimetics were successfully synthesized, their photochromic
features were recorded in the ON and OFF states, and the corresponding molec-
ular conformations were analyzed by CD spectroscopy and MD simulations.
Antimicrobial assays and hemolysis tests showed that the biological activity
could be directly controlled by irradiation with visible and UV light. These re-
sults open the way to develop new strategies for treating bacterial infections or
other localized pathologies, by activating the antibiotic with light only in those
specific areas where needed. The use of such ‘smart’ antibiotics will largely
eliminate the harmful side effects on the whole body and should also prevent
the concomitant development of bacterial resistance.
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Microtubules (MTs) are hollow tubes assembled from a/ß tubulin hetero-
dimers, which align in a polar head-to-tail manner. In living cells, the "plus-
end" of MTs are highly dynamic and undergo rapid episodic switches between
growth and shrinkage.
The intrinsic dynamic property of MTs is carefully regulated by a large family
of Microtubule Associated Proteins (MAPs). Of particular importance is a set
of MAPs called plus-end tracking proteins (þTIPs), which selectively localize
to the MT growing ends and mediate interactions with various cellular struc-
tures such as kinetochores and cell cortex.
End-binding proteins (EBs) are the central hub of the þTIPs interaction net-
works. Previous studies (Surrey et al., 2011) showed that EBs and their yeast
homologue Mal3 can recognize MTs at different nucleotide states, with high
affinity for GTPgS MTs, which is believed to be a good mimic of the GTP-
cap of MT.
With the start-of-the-art technology of K2 direct detector (Gatan Inc) and
improved helical-reconstruction programs, we determined the cryo-EM struc-
ture of EB-decorated GTPgS microtubule to 3.8 Angstrom resolution, which
allowed us to de novo build a complete atomic model of microtubule at high
level of accuracy. This model is a big step towards our detailed understanding
of the two key questions in microtubule biology, i.e. the molecular mechanism
of MT dynamic instability and MT þTIPs’ end tracking behavior.
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The Microtubule (MT) cytoskeleton mediates intracellular organization and
trafficking, and is responsible for force generation during cell division and
